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 THE PARADOX OF THE PLANKTON*

 G. E. HUTCHINSON

 Osborn Zoological Laboratory, New Haven, Connecticut

 The problem that I wish to discuss in the present contribution is raised

 by the very paradoxical situation of the plankton, particularly the phyto-

 plankton, of relatively large bodies of water.

 We know from laboratory experiments conducted by many workers over a

 long period of time (summary in Provasoli and Pintner, 1960) that most mem-

 bers of the phytoplankton are phototrophs, able to reproduce and build up

 populations in inorganic media containing a source of CO2, inorganic nitro-

 gen, sulphur, and phosphorus compounds and a considerable number of other
 elements (Na, K, Mg, Ca, Si, Fe, Mn, B, C1, Cu, Zn, Mo, Co and V) most of
 which are required in small concentrations and not all of which are known to

 be required by all groups. In addition, a number of species are known which

 require one or more vitamins, namely thiamin, the cobalamines (B or re-
 lated compounds), or biotin.

 The problem that is presented by the phytoplankton is essentially how it

 is possible for a number of species to coexist in a relatively isotropic or

 unstructured environment all competing for the same sorts of materials. The

 problem is particularly acute because there is adequate evidence from en-

 richment experiments that natural waters, at least in the summer, present an

 environment of striking nutrient deficiency, so that competition is likely to

 be extremely severe.

 According to the principle of competitive exclusion (Hardin, 1960) known

 by many names and developed over a long period of time by many investi-

 gators (see Rand, 1952; Udvardy, 1959; and Hardin, 1960, for historic re-
 views), we should expect that one species alone would outcompete all the
 others so that in a final equilibrium situation the assemblage would reduce

 to a population of a single species.

 The principle of competitive exclusion has recently been under attack

 from a number of quarters. Since the principle can be deduced mathemati-

 cally from a relatively simple series of postulates, which with the ordinary
 postulates of mathematics can be regarded as forming an axiom system, it

 follows that if the objections to the principle in any cases are valid, some

 or all the biological axioms introduced are in these cases incorrect. Most

 objections to the principle appear to imply the belief that equilibrium under

 a given set of environmental conditions is never in practice obtained. Since

 the deduction of the principle implies an equilibrium system, if such sys-

 *Contribution to a symposium on Modern Aspects of Population Biology. Pre-
 sented at the meeting of the American Society of Naturalists, cosponsored by the
 American Society of Zoologists, Ecological Society of America and the Society for
 the Study of Evolution. American Association for the Advancement of Science, New
 York, N. Y., December 27, 1960.
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